INTRODUCTION
============

Alcoholic liver disease (ALD) has been one of the most common causes of end-stage liver disease in Western countries, resulting in very high mortality rate in patients with advanced alcoholic cirrhosis and 7.9 deaths per 100,000 individuals in the United States.[@B1] As a result, alcoholic cirrhosis is one of the most common indications of liver transplantation in Western countries.

Since high prevalence of ALD and high volume of liver transplantation in Western countries, most clinical studies on liver transplantation for ALD have involved deceased donor liver transplantation (DDLT). Due to the shortage of deceased donor organs in Eastern countries, adult-to-adult living donor liver transplantation (LDLT) has been replacing DDLT since the late 1990s. However, ALD had not been regarded as an optimal indication of LDLT because of the self-inflicted nature of ALD and the risk of posttransplant relapse of alcohol abuse. On the other hand, special relationship between the recipient and living donor was considered to make some clinical latitude toward permitting LDLT in selected patients with pretransplant abstinence.

We have presented the importance of pretransplant abstinence before.[@B2] In this study, we evaluated the long-term outcome of LDLT for ALD patients in a large-volume LDLT center.

METHODS
=======

From February 1997 to December 2004, 789 adult-to-adult LDLTs were performed in our institution. Of these, 27 recipients were primarily diagnosed with ALD, but 9 were excluded due to concurrent association with viral hepatitis or other diseases. All 18 patients were confirmed as having ALD, by both a history of chronic alcohol intake and a profile of biochemical parameters. Alcoholic cirrhosis was later confirmed by histological examination of the explanted liver. The surviving patients were monitored until September 2007 or their death, and their medical records were retrospectively reviewed with special attention to the relapse incidents of alcohol abuse.

Indication criteria for liver transplantation consisted primarily of Child-Pugh class B or C and concurrent complications of portal hypertension, such as esophageal variceal bleeding, hepatic encephalopathy, ascites or hepatorenal syndrome.

Pretransplant workup for hepatocellular carcinoma included multidetector dynamic liver computed tomography (CT) positron emission tomography, radioisotope bone scan, and chest CT. Multidetector CT scan was repeated 1 week before LDLT to confirm the suitability of the donor liver with regard to HCC extent and hepatic vasculature.

An independence from alcohol was confirmed by psychiatric assessment. Six months of alcohol abstinence was requested before LDLT.

Surgical procedures for LDLT were described in detail elsewhere.[@B3],[@B4] The immunosuppression regimen was the same as for other indications of adult LDLT, including anti-interleukin 2 induction, calcineurin inhibitor, mycophenolate mofetil and corticosteroid.

Since it was not practical to define alcoholic relapse as consumption of more than a given amount of alcohol, alcohol relapse was arbitrarily defined as any consumption of alcohol. Surveillance of alcohol drinking has been performed routinely at follow-up during every outpatient visit.

Mean values with standard deviation and median values with ranges were used for numeric data. Independent t-test and Fisher\'s exact test were used for comparisons. Survival curves were estimated by the Kaplan-Meier method. A difference of *p*-value\<0.05 was considered statistically significant.

RESULTS
=======

Patient and donor demographics
------------------------------

The clinical profiles of the 18 patients are summarized in [Table 1](#T1){ref-type="table"}. Fifteen patients (83.3%) manifested complications associated with portal hypertension. All patients underwent LDLT within 3 months of enrollment for LDLT. Of the 18 patients, 4 (22.2%) did not meet the 6-month abstinence rule, but none of these underwent transplantation in urgent or emergency situations.

The demographic profiles of donors are summarized in [Table 2](#T2){ref-type="table"}. All living donors were consanguineously or maritally related to the recipients. There was no ABO blood group-incompatible donor. All of these donors recovered uneventfully after liver donation operations.

Operation and surgical complications
------------------------------------

Thirteen patients (72.2%) received single grafts, and 5 (27.8%) received dual grafts ([Table 3](#T3){ref-type="table"}). Total graft weight to recipient body weight ratio was 0.94±0.16 (range, 0.69-1.17). All recipients recovered graft function uneventfully without perioperative mortality. During mean follow-up period of 57 months, biliary complications occurred in 6 patients (33.3%), all of whom were successfully treated by radiologic or endoscopic intervention. Within the first year, 3 patients experienced acute cellular rejection, which was successfully managed with steroid pulse therapy. Three years later, another patient suffered from an episode of acute cellular rejection. One patient who underwent dual-grafts implantation underwent hepatic vein embolization to facilitate unilateral graft atrophy due to intractable biliary complication.

Survival outcome
----------------

Patients were followed-up for 36-111 months (mean, 57±20 months; median, 49 months). One patient, who had experienced clinical complications requiring intensive care after alcohol relapse, died from aspergillus pneumonia 36 months after transplantation. Another patient who also showed alcohol relapse died from suspected intractable relapse. The other 16 patients remain alive to date, resulting in overall 5-year survival rate of 87.8% ([Fig. 1](#F1){ref-type="fig"}).

Two recipients who had concomitant hepatocellular carcinoma meeting the Milan criteria had no evidence of tumor recurrence over each 48 and 36 months. One patient was diagnosed of early gastric cancer 45 months after LDLT. He underwent resection and is doing well to date.

Alcohol relapse
---------------

Three recipients (16.7%) relapsed to alcohol abuse, after a mean of 9±8 months and a median of 15 months ([Table 4](#T4){ref-type="table"}). One out of the 14 patients (7.1%) who had been abstinent for at least 6 months relapsed, but 2 out of the 4 patients (50%) who had been abstinent for less than 6 months relapsed (*p*=0.097). In contrast, younger age of recipients was a significant risk factor for alcohol relapse (41±8 years versus 53±6 years; *p*=0.027).

One-year and 3-year rates of alcohol relapse were 5.6% and 16.7%, respectively ([Fig. 1](#F1){ref-type="fig"}). Two patients drank moderate amounts of alcohol for a while, but their liver function became unstable on occasion. Changes in their liver function around the time of alcohol relapse are summarized in [Table 5](#T5){ref-type="table"}.

After these periods of resumed drinking, one of these 3 patients did not become abstinent, leading to graft failure 44 months after LDLT. Another recipient start to drink at 2 months after LDLT, but he concealed it from us during monthly checkups. Five months after LDLT, this patient was admitted to hospital due to hepatorenal syndrome. After intensive care for 1 month, his liver function recovered progressively. However, he died from aspergillus pneumonia 36 months after LDLT ([Fig. 2](#F2){ref-type="fig"}).

Prevention of de novo hepatitis B
---------------------------------

Nine recipients received one or two liver grafts positive for hepatitis B core antibody (anti-HBc). Patients who received liver grafts from anti-HBc-positive donors were administered short-term prophylaxis for hepatitis B infection soon after LDLT, during the time of treatment with potent immunosuppressive drugs. Recipients positive for hepatitis B surface antibody (anti-HBs) were not administered long-term prophylactic regimens because we thought that the anti-HBs positivity in recipient per se would have a protective effect against de novo occurrence of hepatitis B infection. However, two out of the five anti-HBs-positive recipients who received anti-HBc-positive grafts showed seroconversion to hepatitis B surface antigen (HBsAg) positivity 6 and 8 months after LDLT respectively. These patients became HBsAg-seronegative soon after treatment with antiviral drugs. Afterwards, recipients of anti-HBc-positive liver grafts received high-dose immunoglobulin monotherapy to maintain serum anti-HBs titers greater than 500 IU/L, regardless of recipient\'s anti-HBs status. No subsequent instances of de novo hepatitis were observed in this series.

DISCUSSION
==========

Although little is known about the optimal timing of liver transplantation in ALD patients, prognostic models such as MELD (model for end-stage liver disease) and Maddrey discriminant function are important tools for predicting short-term mortality of patients with severe ALD.[@B5]-[@B10] MELD is especially useful for assessing mortality and guiding treatment decisions, particularly in ALD patients complicated by ascites and/or encephalopathy.[@B5],[@B9]

Alcohol relapse is a potential problem in liver transplantation to ALD patients, in which it can induce liver damage and deteriorate patient compliance to medications and clinic visits.[@B11] In practice, many liver transplant programs require 6 months of pretransplant abstinence prior to transplanation. However, many of these patients relapse to alcohol drinking, with some even returning to heavy alcohol consumption. However, there is little evidence showing that resumption of drinking has a significant detrimental effect on graft or patient survival.[@B12] Posttransplant alcohol relapse in ALD patients does not have a significant effect on liver function or morphology, and the survival rate of these patients does not differ from that of patients who received DDLT for primary diseases other than ALD.[@B13] Furthermore, the long-term survival rates of relapsed and non-relapsed ADL patients were similar, suggesting that alcohol relapse did not decrease compliance with immunosuppressant medications.[@B14]

It was shown that the liver function of patients who were abstinent after a period of alcohol relapse did not show additional deterioration. Fatty changes and pericellular fibrosis are the most relevant histological signs of heavy alcohol intake.[@B13] It was seen that alcoholic hepatic steatosis became reversed in this series. Although the 10-year survival rate of ALD recipients who relapsed has been reported to be significantly lower than that of individuals who remained abstinent, this decrease was not related to graft evolution, rejection, infection, or metabolic disturbance, but rather to a higher incidence of malignancies and cardiovascular events.[@B14]

There are few reliable risk factors for alcohol relapse in ALD patients after liver transplantation. It has been suggested that the characteristics of pretransplant alcohol consumption, such as length of abstinence, alcohol dependence, alcohol abuse in first degree relatives and younger age, are useful for detecting patients at high risk of severe posttransplant alcohol relapse.[@B1],[@B15],[@B16] The results of this study show a close relation between younger age and risk of relapse.

Abstinence for less than 6 months prior to liver transplantation may predict relapse and is widely employed as a criterion for listing for DDLT.[@B17] The result of this study did not show that abstinence for 6 months before LDLT was a statistically significant risk factor. However, the relaspe rate of 50% in the recipients who did not fulfill the 6-month abstistinence rule was definitely high comparing with 7.1% of recipients who met this rule. If the sample number had been a little larger than that in this study, there would be a statistically significant difference. We think that it is reasonable to emphasize the need to observe the 6-month abstistinence rule in ALD patients undergoing LDLT.[@B18]-[@B20]

Early recognition of alcohol relapse during clinic visits is important for its effective management. Since relapse is considered shameful, relapsed patients are not willing to admit to it during clinic visits. In one patient with severe steatosis, we initially failed to suspect alcohol relapse after LDLT due to a preconceived notion regarding the recipient-donor relationship. Reliable objective tests for monitoring abstinence are required. Standard liver function tests are not helpful as they are non-specific, but definite deterioration of liver profiles may suggest that the patient has resumed drinking more than a moderate amount. Assays of carbohydrate-deficient transferrin may be useful, because its concentration remains constant over weeks, comparable to that of hemoglobin A1c in diabetic patients.[@B21] This parameter, however, is not regarded as reliable for pretransplant screening of ALD patient candidates. Measurements of alcohol in the breath, blood or urine have a limited role at best, because relapsed patients avoid any alcohol consumption in the few days before routine checkups.

When considering the ethical aspects of live organ donation, it is clearly reasonable to exclude recipient candidates who have a considerable risk for alcohol relapse. In contrast to DDLT, LDLT has unique aspects regarding donor-recipient relationships. A very close relationship between the living donor and the recipient may be crucial in preventing alcohol relapse or at least a return to heavy drinking. Our 5-year relapse rate of 16.7% is lower than in most studies with DDLT.

The high prevalence of viral hepatitis B in the general population in Korea has resulted in a high prevalence of anti-HBc positivity in living donors. This anti-HBc positivity can induce de novo hepatitis B in recipients positive for anti-HBs-positive and in hepatitis B-naive recipients.[@B22] Thus, a prophylactic regimen is mandatory to prevent de novo hepatitis in recipients.[@B2],[@B23],[@B24] In our institution, high-dose hepatitis B immunoglobulin has been used prophylactically in these patients.

In conclusion, it was shown that 6 months of abstinence prior to LDLT appear to be benefical for prevention of posttransplant alcohol relapse. Overall 5-year patient survival rate following LDLT was 87.8% in this series, with a 5-year relapse rate of 16.7%. Life-long prophylactic measure should be followed after use of anti-HBc-positive liver grafts regardless of hepatitis B viral marker status of the recipient.

![Cumulative overall and alcohol relapse-free survival curves of 18 alcoholic liver disease patients who underwent living donor liver transplantation. Overall 1-year, 3-year and 5-year patient survival rates were 100%, 100% and 87.8%, respectively (solid line). Relapse-free 1-year, 3-year and 5-year survival rates were 95.4%, 83.3% and 83.3%, respectively (dotted line).](kjhbps-17-14-g001){#F1}

![Computed tomography (CT) follow-up of a 35-year-old male patient who showed severe alcohol intake after living donor liver transplantation using dual liver grafts. (A) Preoperative CT scan showing cirrhotic changes. Model for end-stage liver disease score was 30. (B) 3 month CT scan showing marked steatosis at both of the dual grafts. Liver biopsy confirmed severe fatty change, which was a result of posttransplant alcohol abuse for 2-3 months. Hepatorenal syndrome occurred at 5 months posttransplant. Serum total bilirubin concentration exceeded 40 mg/dl. Acute renal failure was managed with continuous venovenous hemodiafiltration. (C) After 1 month of supportive care in the intensive care unit, the patient\'s liver function recovered progressively. This CT scan was taken at posttransplant 8 months. The right-sided graft looked normal, but the left-sided graft revealed marked atrophic change. (D) At 2 years after liver transplantation, the left-sided graft was completely atrophied, whereas the right-sided graft became hypertrophied. This patient died from aspergillus pneumonia 36 months after transplantation.](kjhbps-17-14-g002){#F2}
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Demographic characteristics of the 18 alcoholic liver disease patients undergoing living donor liver transplantation
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MELD, model for end-stage liver disease
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Demographic characteristics of living donors
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Surgical profiles for living donor liver transplantation
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Characteristics of the living donor liver recipients who showed relapse of alcohol abuse
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Changes of graft liver function around the relapse timing of alcohol abuse in 3 relapsed recipients
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